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Introduction

Emerging roles for UAVs

— Expansion of their intelligence
gathering role

— Engagement in combat
— Operation in confined airspaces

New requirements

— High maneuverability

— Concerted action (fly different
paths for mutual support)

Our interest

— Aerobatics maneuvering
— Coordination of UAV teams




UAYV Nonlinear Model

« Assumptions « Dynamics equations
— Three time differentiable — Splitinto fast mode
trajectory specified in [k;)b = | ‘1[|\/| , — 0, X (Db]
earth coordinates, x(t) -
— No sideslip [, =H 0,
Ua = T
=a, =a,(a,B.T)

« Notations

d - desired value
e - earth frame

b - body frame HX =g+H a,

— and slow mode

w - wind frame e — ge A~
2 . w o HW(!)W
H: - transformation from
frame 1 to frame 2
| -inertia matrix
ertia See J. Hauser et al.,

“Aggressive Flight Maneuvers’



Trajectory Tracking
Outer Loop

o State feedback linearization
— Desired trajectory third derivative:

Ow,,A,s [I 0 a, 0O
e [ eD []
Xg =H;, w] w3awl Ho T Q@

E’a)mawla H as H

— Linearizing control law:

Dawl Dlja)wzam[lﬂ 0 o0 O
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U =3¢+ Ko (e =) + K (Xg = %) + ko (Xg =)
Can be solved for @y, if &, #0



Trajectory tracking
Inner Loop

 Nonlinear dynamic inversion

a“ =-2ma,;/(pSV*C,) 00 O Wl :
B¢ = 2mad, /(p SVCy,) of = BB H T (@, + 9.V
al, = —Kza,, HO & E Guo/V = B° E

— Body torque computation
M?=K (0! -0,)+0,Xlo,

— Actuator deflection computation
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Barrel roll test

« 3D view of the UAV e Control inputs used
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i
Control law discussion

e Limitations
— No post-stall or parabolic trajectory supported

— Cannot roll the aircraft independently from the trajectory
— Large throttle use

— Number of trajectory derivatives required

e Extensions

— Sideslip instead of roll rate as command variable

%\?\a E L0058, ~ wwzawsg ; LU, E
@\iz iy %‘)maws T W38y [ H, %’2 ]

%\f\j/s E 00,81 ~ ©y8y, B i, 5

wS, = constant

— Fixed throttle trajectory tracking



Velocity roll test

« 3D view of the UAV e Control inputs used
trajectory o osredians
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Fixed throttle trajectory
tracking

 Trajectory parameterization reviewed
x2 (t) = x%{s(t} such that s(t) = equivalent path length
— New command
U =%g +K,(Xg =X,) + K (Xg —Xc) + Ko (Xg = %)
replaced by
U =% ()8 + 3K, (9)85+ X (8)8 +K, (Xg — %)+ (Xg —X,) + Ko (Xg —Xe)

— New linearizing control law

0 0 OUIS“D 0,35 + 8,
54 O a 0 =B wpa,  B-HYBR (9584 (98 + ket ket kg
E : 0 ‘1%E E W2, E

where e(t) = x2 (t) —x_(t)
First matrix invertion possibleif x(s)isnot orthogonal to x_(t)



e Environment

— Four computers (one per
UAV)

— Communications through
the local area network

e Method

— Trajectory position
broadcasting

— Logic to choose an

 Preliminary Objective aircraft as reference (rule-
— Coordinate aerobatics based controller)
maneuver execution by a — Timing taking advantage
team of UAV of the fixed throttle

control law



— L
Rule-based Scheduler
Presentation

 Rule base paradigm

[J Production rules applied to a
database storing the parameters
by matching premises

" ACTION |

Rule - o —

IF-THEN
A8

51| [p2] - [P

LR: Logical Relation (AND,OR)
P1,....Pn: Premises 1 ton

Action and Premises are either
parameters or procedures
returning a value.

e Rule-based scheduler

1 to 1 relation between actions
and rules

Hierarchical structure of rules

Uses THEN or SYNC as logical
relations between tasks

Leaves of the tree are
procedures representing
subtasks while the root is the
main task.

Parameters take values:
“Done”, “Not Done”



Simulation Architecture
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Simulation visual interface

Tools are provided for the user
to follow the rule-based logic

Tools for user interaction with
the simulation are under
development
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e Airport traffic pattern
flight simulation
— Aircraft configuration

— Waypoints sequence
managed by the rule-
base scheduler

i Rima et |

'--!F==== M sy | may | [ | R

aircraft

.-w Moy Boww | s | de [ | e e e ]

[ Smulated | T

ALICIEAU L]

L] ]



Concluding Remarks

e Aerobatics Maneuvering:

— A control law to track trajectories specified in
earth coordinates.

— Extensions for fixed throttle operations

e Aircraft coordination

— Aircraft timing along trajectories
— Rule-based controller for logical reasoning
— Subsystems fusion to be done

e Future work:

— Demonstration by a sample air show
sequence

— Team reconfiguration after failure of an
aircraft



